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(54) A metering device 

(57) A metering device includes an inlet (2) and out- 
let (3) for a material (liquids, gases or solid particles) to 
be metered, a rotatable ball (4) driven by a shaft (5) and 
interposed between inlet (8a) and outlet (8) seats. The 
rotatable ball has a transverse bore (9) containing a sea- 
less shuttling member (10) which can reciprocate back 
and forth along the bore between two sealing seats (11 , 
12) so as to seal against one or the other. The sealess 
shuttling member which is cylindrical-shaped and has 
ends which are adapted to sealingly engage sealing 



seats provided at each end of said transverse bore is 
propelled by pressurized material which flows into the 
bore without surface-to-surface contact of the shuttling 
member with the bore wall until is engages one of the 
two sealing seats. Each time the rotatable ball rotates 
ISO**, a metered shot is ejected resulting in a quasi con- 
tinuous flow depending upon a rotatable ball revolution 
rate. 

Such a metering device allows an exact metering 
of a great range of material and has few working parts. 



FIG. 1 
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Description 

The present invention relates generally to a meter- 
ing device and more specifically to a metering device 
which features a rotatable metering element, according 
to the introduction of independent claim 1 . 

Such a metering device is disclosed in EP-A- 0 646 
776 of the same applicant, characterized in that the 
shuttling member is a ball. Further studies have shown 
that it is useful to increase the field of application and to 
focus on the shape and consistency of the shuttling 
member on one hand and on the increasing of the me- 
tering rate on the other hand. 

PCT Publication WO 90\10198 discloses a meter- 
ing device which features a linearly movable metering 
head which is reciprocatively disposed within an elon- 
gated rotatable member. This device suffers from seal- 
ing problems, and, due to its linear design, is relatively 
bulky for some applications. United States Patent No. 
4,058.240 to Becker discloses an automatic drain for a 
compressed air system which uses a rotating ball. How- 
ever, this arrangement suffers from the drawback that 
the ball has no through bore and therefore the amount 
of gas which can be vented per rotation is limited. 

United States Patent 3,387.748 to Brenchley dis- 
closes a motor driven metering valve characterized in 
that a free piston is reciprocatively disposed in a bore 
formed in a ball-shaped valve member. This free piston 
is provided with sealing rings and is retained within the 
bore by retaining rings. However, this arrangement suf- 
fers from the drawback that the sealing rings, with the 
passing of time, a) tend to trap particles and thus invite 
possible malfunction, and b) wear down and tend to lose 
their sealing properties. This latter problem allows a leak 
path to be established permitting fluid to escape past 
the piston and therefore reduce the precision with this 
the fluid can be metered. 

United States Patent No. 3,037,738 to Jackson et 
al. discloses a manually operated rotary valve which is 
not equipped with a metering an-angement. Adjustable 
valve seats are provided at the upstream and down- 
stream ends of the valve. 

Starting from this prior art It is the object of the 
present invention to provide a metering device which, 
while allowing an exact metering and solves, In a simple 
manner, the sealing problems of the rotatable member, 
offers additional advantages in relation to the above 
mentioned prior art arrangements in view of an in- 
creased range of applications. This object is attained 
with the metering device according to independent 
claims 1 and 2. 

It is a further object of the present invention to pro- 
vide a metering device which can be used for metering 
gases, liquids and solid particles and which offers an 
increased metering rate. This object is achieved with a 
metering device according to the dependent claims, in 
particular claims 8 and 9. 

The invention will be explained hereinafter, by way 
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of example, with reference to the accompanying draw- 
ings, in which 

FIG. 1 shows schematically a section of a first em- 
bodiment according to the invention; 
FIG. 2 shows a section at 90" of Fig. 1 of a detail; 
FIG. 3 shows a section of a variant of the first em- 
bodiment; 

FIG. 4 shows a section of a further embodiment of 
the invention with two metering units; 
FIG. 5 shows a variant of a further embodiment of 
the invention; 

FIG. 6 shows a further embodiment of the invention 
with a rotatable ball having two transverse bores; 
FIG. 7 shows a variant to the embodiment with the 
rotatable ball having two off-centred transverse 
bores; 

FIG. 8 shows a section according to line XIII-XIII in 
Fig. 7; 

FIG. 9 shows a further embodiment of the invention 
with a rotatable ball having two pairs of transverse 
bores; 

FIG. 10 shows a section according to line X-Xin Fig 

9: 

FIG. 11 shows an use of the invention in a layout 
for a two component proportioning and mixing ap- 
paratus. 



The following detailed description of the invention 
30 is directed to a metering device for fluids, including liq- 
uids and gases, however, such devices can be used for 
solid particles as well. 

Fig. 1 shows schematically a first embodiment of a 
metering device which includes a housing 1, in which 
55 an inlet port 2 and diametrically opposed outlet port 3. 
are formed. The inlet port 2 is connected to a supply or 
source of fluid which requires metering and the outlet 
port 3 is connected to a dispensing apparatus. The me- 
tering member is a spherical, rotatable member, prefer- 
40 ably a ball 4, which is coupled to a drive shaft 5 by way 
of a keyway shaft or like type of coupling 33. This drive 
shaft 5 is supported in a bearing 6 which is provided with 
an appropriate seal 7. A drive system such as an electric 
motor, gear box and the electric controls for driving the 
rotatable ball can be conventional arrangements. 

It is preferable, from the point of correct and trouble 
free operation, that a spherical outlet seat 8b is provided 
at the outlet side of the rotatable ball 4 in order to form 
a seal at less cost and more durable and effective than 
50 the seal arrangements used in the prior art. The inlet 
seat 8a may also be spherical. The rotatable ball 4 has 
a transverse bore 9 in which it is advantageous to install 
cylindrical sleeves 9a. 9b with an inner bore 9c and seal- 
ing seats 11 and 12 at each end respectively The 
55 sleeves 9a, 9b may be made of any appropriate material 
enabling the formation of the sealing seats. 

The element which controls the metering operatkDn 
is, in the foltowing embodiment, called the shuttling 
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be selected relative to its diameter in a manner to pre- 
vent it from jamming within the bore and scuffing the wall 
of the metering bore. 

Fig. 4 shows an embodiment in which the metering 
capacity has been doubled while simultaneously provid- 
ing a smoother flow, by employing two rotatable balls 1 3 
and 14 with a shuttling member 10 in each, sliding In 
inner bore 9c between equal seats 11 and 12, the two 
transverse bores 9c being arranged at a 90** angle in 
relation to each other. The two rotatable balls 1 3 and 1 4 
are connected by a connecting piece 15 and one rotat- 
able ball 1 4 is driven by the drive shaft 16, being provid- 
ed with bearing 6 and seal 7. Housing 17 has two inlets 
1 8 and two outlets 1 9. It is evident that also in this case 
the inlet pressure must be maintained above, and pref- 
erably with a safety factor, the required outlet pressure. 
It will be further appreciated that the invention, resp. the 
metering device is not limited to one or two rotatable 
balls. Therefore, the number of inlets and outlets may 
vary and the transverse bores may be arranged at an 
angle of 180'/N, if N is the number of rotatable mem- 
bers. 

As different from the aforementioned embodiments, 
Fig. 5 shows a variant such that the spherical seats 65 
and 66 may be exposed to independent fluid pressures. 
The spherical inlet seat 65 has a protruding annular face 
76a which is situated inside the housing 61 within an 
annular chamber 74a where it is sealed by sealing rings 
77a, tensioned against the rotatable ball 64 by a spring 
75a, and subjected to fluid pressure through a port 73a. 
Correspondingly, the spherical outlet seat 66 has a pro- 
truding annular face 76b which is situated inside the 
housing 61 and the removable housing end plate 79 
within an annular chamber 74b where it is sealed by 
sealing rings 77b, tensioned against the rotatable ball 
64 by a spring 75b and subjected to fluid pressure 
through a port 73b. Thus, apart from the pressure of the 
fluid to be metered which enters through the port 62 and 
acts upon the face of the seat 65, the same or another 
fluid pressure can be applied and regulated through the 
port 73a to act upon the annular face 76a. Also, apart 
from the pressure of the fluid having been metered 
which exits through the port 63 and acts upon the face 
of the seat 66, the same or another fluid pressure can 
be applied and regulated through the port 73b to act up- 
on the annular face 76b. 

The combination of the above provides various op- 
tions to ensure sealing of the seats 65. 66, against the 
rotatable ball 64 with the springs 75a, 75b providing pre- 
tensioning of the spherical seats 65, 66, against the ro- 
tatable ball 64. 

As a variant, transverse bore 67 has a partial thread 
69 with an adjusting screw 70 such that the position of 
seat 71 may be adjusted from zero shuttling ball move- 
ment up to a maximum movement, whereas seat 72 is 
fixed. This variant can be used for all embodiments, in- 
dependently of the number of bores. 

It can be appreciated that the pressure on the 



spherical seats need not be independently provided and 
that the pressure of the fluid to be dispensed may be 
sufficient and used alone. 

Figs. 6-11 cover further embodiments of the Inven- 
5 tion whereby the rotatable ball has more than one trans- 
verse bore for metering. Furthermore, the joint lines be- 
tween the spherical inlet and outlet seats may. unlike 
previous embodiments, be other than parallel to the inlet 
and outlet walls and approximately diagonal, yet allow- 
10 ing for a sealing means between that joint and the hous- 
ing, such that any potential leakage between that joint 
line is prevented from flowing through the transverse 
bores to the outlet port when a transverse bore is adja- 
cent to the joint line. 
'5 Compared with Fig. 5, Fig. 6 shows a variant of the 
independent, and/or material Input flow pressure on the 
seats, and comprises a housing 81 . having an inlet port 
82 and diametrically opposed an outlet port 83, whereby 
inlet port 82 is connected to a supply and outlet port 83 
20 to a dispensing apparatus. The rotatable ball 84 is held 
by the two approximately diagonal divided spherical 
seats 85 and 86 and comprises two transverse bores 87 
and 88 with the same type of seats as in the previous 
embodiment for the two shuttling members 89 and 90 
25 metering means. In this embodiment the two bores 87. 
88 intersect at the centre of the rotatable ball 84. 

In this case, as different from the embodiment of 
Fig. 5. spherical inlet seat 85 is provided, at the inlet port 
82. with a piston 91 which has a smaller diameter than 
30 the outer diameter of the spherical inlet seat and which 
is subjected to the fluid pressure at that inlet. This latter 
arrangement further comprises a O-ring seal 92. The 
spherical Inlet seat is also pre-tensloned by spring 
means 93 located inside housing 81. The Insertable 
3S housing element 94 at the spherical outlet seat 86 is sim- 
ilar to the corresponding element of the previous em- 
bodiment. That is to say, it comprises fluid inlet port 95 
and spring means 93 as well as the corresponding por- 
tion of the spherical outlet seat 86 with annular face 96 
^0 and sealing means 98. Each spherical seat furthercom- 
prises an outer diameter O-ring seal 97. 

The spherical outlet seat 96 may be pressurized 
through fluid inlet port 95 which is connected either to 
the inlet pressure fluid or to an independent fluid pres- 
^5 sure means. The provision of a pressure means for each 
spherical seat enables an exact adjustment of the pres- 
sure force, whereby a pressure control means may be 
provided at fluid inlet port 95. Another adjustment 
means is provided by adapting the cross-sectional area 
so of piston 91 , any such combination being to form a seal 
between the spherical seats and the rotatable ball. It is 
appreciated that this pressure application technique 
may be also applied to the previous embodiments. 
Another embodiment according to Figs. 7 and 8 us- 
55 es two transverse bores 99, 100 which are arranged at 
ninety degrees to each other and which are off centre 
within the rotatable ball 101. In the embodiment shown 
in Figs. 9 and 10, one pair of off centred bores 102 and 
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1 03 are arranged at 90° to each other and are at 45* to 
a second off centred pair of 90° related bores 104, 105 
within rotatable ball 106. 

As a result of all the above, an Increased volume of 
metered output per rotatable ball cycle may be s 
achieved. For example, two transverse bores provide 
four metered outputs per cycle, and four transverse 
bores eight metered outputs per cycle. This is advanta- 2. 
geous in decreasing pulsation and lowering potential 
component wear relative to revolution speeds and me- io 
tered output. 

Fig. 11 shows schematically a possible application 
of two metering devices of the invention in a proportion- 
ing and mixing apparatus 21 for a two component ma- 
terial. Numerals 22 and 23 denote two storage contain- is 
ers for the two components. Pipes 24 and 25 are con- 
nected to pumps 26 and 27 or other pressure sources. 
The pumps transport the material (fluid) under pressure 
to metering devices 28 and 29, the outlets thereof being 
attached to a mixing device 20, which can be of the static 20 
or dynamic type. The electric motors 30 and 31 of the 
metering devices as well as the metering devices them- 
selves are connected to and controlled by a computer- 
ized control unit 32. which also controls the storage con- 
tainers, pumps or other pressure sources, as well as the 2S 
mixing device if it is electrically driven. It is evident that 
the pressure of the pumps or other pressure sources as 3. 
well as the delivery of the metering devices can be dif- 
ferent one from another, and that the electric parameters 
can be adjusted and varied. 30 

It follows from the above description that the devic- 4. 
es of the Invention are less complex, relatively more 
compact and smaller in size and have relatively lower 
wear than known devices. They are self-adjusting or 
may be adjusted to compensate for wear and provide 3S 
complete sealing against leakage during rotation, thus 
providing optimum metering accuracy as well as acting 5. 
as a perfect shut-off valve in any angular position when 
rotation has stopped and metering has ceased. 

Furthermore, such a metering device allows an ex- 40 
act metering of fluids, in shot or flow form, has a very 
simple construction with few working parts and thus may 6. 
easily be placed in a pressure transfer system for liquids 
and gases. 

45 



Claims 7 

1. A metering device, comprising a housing having a 
material inlet (2. 1 8. 62, 82) and a material outlet (3, so 
1 9. 63, 83)at least one rotatable ball member (4; 1 3, 
1 4; 64; 84; 101 , 106) having at least one transverse 8. 
bore (9; 67; 87. 88) in which a sealess flow metering 
means is disposed, the rotatable ball member being 
captured between two opposed seats (8a, 8b; 65, ss 
66; 85, 86) disposed in the housing, each seat hav- 
ing at least one passage communicable with one of 
the material inlet or the material outlet, and means 



for adjusting the position of at least one of the two 
seats within the housing and the sealess flow me- 
tering means comprises a shuttling member char- 
acterized in that the shuttling member is a cylindri- 
cal-shaped shuttling member (10) having domed 
ends. 

A metering device, comprising a housing having a 
material inlet (2. 18. 62, 82) and a material outlet (3, 
19, 63, 83), at least one rotatable ball member (4; 
13. 14; 64; 84; 101. 106) having at least one trans- 
verse bore (9; 67; 87. 88; 99, 100; 102, 103, 104, 
105) in which a sealess flow metering means is dis- 
posed, the rotatable ball member being captured 
between two opposed seats (8a, 8b; 65, 66; 85, 86) 
disposed in the housing, each seat having at least 
one passage communicable with one of the material 
inlet or the material outlet, and means for adjusting 
the position of at least one of the two seats within 
the housing and the sealess flow metering means 
comprises a shuttling member, characterized In that 
the shuttling member Is a spherical ball, cylindrical- 
shaped, or a piston and so configured and arranged 
as to have a specific gravity proximate to that of a 
material to be metered by the metering device. 

A metering device according to claim 1 or 2, char- 
acterized in that the transverse bore (9; 67; 87, 88) 
has a sealing seat (11.12) disposed at each end. 

A metering device according to any of claims 1 to 

3, characterized in that at least one of the opposed 
seats (8a, 8b; 65, 66; 85, 86) provides a passage 
for the Ingress or egress of material and is sealed 
within the housing. 

A metering device according to any of claims 1 to 

4, characterized In that the adjusting means in- 
cludes means (35, 75b) for pressing at least one 
seat against the rotatable ball. 

A metering device according to any of claims 1 to 

5, characterized In that the pressing means is re- 
sponsive to a pressure differential between the ma- 
terial Inlet and the material outlet. 



A metering device according to any of claims 1 to 

6, characterized in that the pressing means is re- 
sponsive to a pressure differential between inde- 
pendent adjustable extemal pressures. 

A metering device according to any of claims 1 to 

7, characterized in that the opposed spherical seats 
(65. 66) have each a protruding annular face (76a, 
76b) within an annular chamber (74a, 74b) inside 
the housing (61 ), the protruding annular faces being 
tensloned against the rotatable ball by spring 
means (75a. 75b). 
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9. A metering device according to any of claims 1 to 
8. characterized in that the rotatable ball member 
(84, 1 01 , 1 06) comprises at least a first (87; 99; 1 02, 
104) and a second (88; 100; 103, 105) transverse 
bore each of which contains one sealess flow me- s 
tering means (10). 

10. A metering device according to claim 9, character- 
ized In that the second bore is arranged at a prede- 
termined angle with respect to the first bore, the first w 
and second bores passing through the centre of the 
rotatable ball member and intersecting with each 
other. 

11. A metering device according to any of claims 1 to is 
1 0. characterized in that the housing (1 7) comprises 

at least a second rotatable ball member (14), the 
first and second ball members (13, 14) being con- 
nected by a drive shaft (16) for synchronous rota- 
tion, the second rotatable ball member having a 20 
second transverse bore (9) in which a sealess flow 
metering means (1 0) is disposed, the second trans- 
verse bore being arranged at an angle of 180'/N 
one to the other, characterized in that N is the 
number of rotatable members. 2S 

12. A metering device according to claim 2, further com- 
prising a sleeve (9a, 9b) which is disposed in the 
transverse bore (9). the sleeve being integral with 

the sealing seats at each end of the bore. 30 

1 3. A metering device according to claim 1 1 , characte r- 
ized in that the first rotatable ball member (13) is 
loaded by material pressure against one of the two 
seats, thereby forming a seal. 3S 

14. The use of at least two metering devices according 
to one of the clainns 1 to 13 in a multi-component 
proportioning and mixing apparatus, in which the 
metering devices (28, 29) are fed independently by 40 
fluids from corresponding pressure sources (26. 27) 
and their outlets are connected to a mixing device 
(20), the storage containers (22. 23). the pumps or 
other pressure sources, the metering devices (28, 

29) including their drives (30. 31) and the mixing de- 4S 
vice (20) when electrically driven being individually 
controlled by a computerized control unit (32). 
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